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Serotonin release varies with brain tryptophan levels
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k'e_ _ord.s Serotonm release: Tryptophan avadab=ht). Larfe neutral amino ac:d. Hypothalamus: Super/used brain slice

Th=_,stud) exam.nes d=rectl) the effects on _roton=n release of vaD'mg brain tryptophan levels V,ilhm the ph_iotogic ranle It also addresses

p ,._hle mterachons between t_-plophan a_.a=labdJt) and frequenc) of membrane depolanzatJon m controlling scrotonm release V_

C. mona=rate that reducmt tryptophan le,,els =n rat hypothalamJc shoes (b) superfus,nl| (hem _=th medium supplememed with 100 .M leuc=ne)

U. creases tissue serotonm levels as well as both spontaneous and electr=call)-evoked serotonm release Conversely. ehr_atmg t|I,.sue tr)'ptophan

I, ,¢ls (h_, ,,upcrfus=n_ sheet with medium supplemented v,=th 2 .M t_-ptophan! increases both tissue r_rotomn levels and _erotonm release
_. r,,lomn release v,a_ found Io be affected mdepcndentl_ h) tr)ptophan atadabd=t) and frequenc) rof electr,cal tield.st=mulat,on I I-5 Hz). smc¢

;_-.reasm_ _oth _ar=ahle_ produced nearl._ addm_e increases m release These ol:_¢_at,ons demonstrate for tht first tame that both

precursor.dependent elevations and reductions in bra,n serolon=n levels produce proporhonate changes in seroton,n relent, and that the

n'.l_n=ludc of Ihe tr_tophan effect _s unrelated to neuronal _'=r=n_ frequency The data support the hypothesis thai serotonm release _s

r-,_porhonatc to mtraceliular serotomn levels

I\TRODL C'TION

The rate at _hich serotonm (5-HT) is released from

f.ram neurons =s often assumed to _ar) u, ith that of 5-HT

.tnthes=s. and thus v, lth brain levels of its precursor

tr_ptophan This assumpt)on arises from the knou, n

Jependence of 5-HT s_nthes:s on the local concentrahon

of tryptophan =_ =* x'_. It also den_.es from studies report-

mg modificauons in certain behaviors, including agues-

-ton;" and pain sensitt,._t_ _. v,hen brain tryptophan levels

:,re altered m v=vo, the tDplophan-sensitivit ) of these

and other behas=ors is thought to be due to precursor-

Jependent changes in 5-HT synthesis and subsequent

release of the transmitter into brain synapses if 5-HT

._nthesls and release do in .fact covar), then one would

¢xpect to find that changes in 5-HT synthesis would

produce parallel changes in 5-HT release Indeed. nu-

merous studies have demonstrated increases in 5-HT

release in vivo _e _=.z,,_ or in vitro )'_ when brain

tryptophan levels have been elevated; a few studies,

however, failed to reveal this affect _';`_°. Conspicu-

,_usly. no study has examined directly the effect of

reducing brain tryptophan levels on the release of

endogenous 5-HT Furthermore, it is not known whether

the firing acti_it) of serotoninergic neurons influences the

relationship between tryptophan availability and 5-HT

release The presen_ stud) addresses these questions in

lifo.

9,'e no_, report that 5-HT release is decreased _,hen

beam tr)ptophan levels are lowered, and that the mod-

ulatTon of 5-HT release b) tryptophan a_,ailab=ht) _s

independent of, and nearl) additive _'ith, the effects of

var)ing the frequenc) of membrane depolarizahon

MATERI_LS AND METHODS

5hoe p¢¢poroHon

H._pothalam=c shoes C_0 .m) from matt Sprague-Dawle_, rats

(11_-2._ gl _ere prepared as descnbcd pre,,,ousl._" Some shoes
_ere retmned, frozen o_er dD ace. and stored at -'/0'C untd

b_ochtm_caI assa)s were pertotmed Most shoes were placed =n_o

parallelchambers and superfused (06 mlmm) _=lh pre-_armeC_

ph.vs_oiog_cmedium havm_t the _ollowm[ composer,on hn mM_

NICI 130. KCI 3 S. CaCl: I 3. MgSO, I ._. NzH:PO. I. NaHCO,

25. D-Ilucose 10 Th=s medium al_ comamed 2 _uM fluoxetine

(unless noted other'*ate) to block the reuptak¢ of synIpt_c ._-HT".

and wls Sassed cont=nuousl._u,tth 9._% O:.5"_ CO: to sustam pH

?.4 Shces were equal=heated b) superfuswn for _0 mm pnor to
frachon collection

Experimental design

Effecu of LNAA_ on mdole le_eL_ ¢nd release In e=penmen|s

designed to examine the effects of reducm| or ele_,az=n_ brain
tryp;ophan levels on 5-HT release, each chamber contained the

equivalent of one hypothalamus Shces in one chamber were

superfused with fluoxehne-contaming medium supplemented with

100 uM teucme: 2 _vM t .ryptophan, or I00 ,uM k'ucm¢ plus 2 _uM

Iryptophan Slices =n the other chamber were superfused w_th amino

acid-unsupplemented medium, and thus served as control Four

expenments were performed using each of the 3 comparative
cond,hons Successwe 5.man frachons [FC-gOK Fractionator. _dson

Medical Elrctronws. Inc. M,ddleton. _,'[}were collectedfor80 m]n
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I_ c. hetu,ccn _ll and l'_ mm_ he_,ond the lfli[lli_equdlhrahon

{x'rlod E.Lich fraclton o( _uperfu,,ion medium _a, cnlleeted into -

_Jo*_ IUhC coflialnlfl_ li II #I Of '7 m%1 a_orhatf and intcfn&l

standard, 15-h,.dro_!,..%.melhshr!,ptamlnt nail•re (5.HT-CHO and

_,-h_,d,,,'_ .".lndolecArhox_,hc acDd (5-HICA)I ml*,td h) vorlex, and

_lor_d in the ddrL (in ice. until furlhcf pr(K'essln_ (utthln 1-2 hi

_h_c, wcrc ¢lcctr=c=ll_ held.,,llmululed fog .ll period, ol 4 ?mm

t'ach ..I;,Irllnl: Nt I(¢ and 1 I( I mm after the on>el Of suwrfuslon

Elcetr*cal hrld.,,llmulalton eL•,, induced h_ dehser._ of bipolar

u.luarc-w#_c pul_', 15 Hz. 2 mr Imt mA cm"l usin$ • $1lmuJalor

(5_, GrJ.. In,,trumcnt Co . Oumc._, MAI in _rtes with • 12 _'

rclJ_ pul,c, tLCrC monitored hs an o,_tllo_colx" (V-212. Hitachi

Ocn_h, Lid . ToLso. Jipanl AI the end of each captnment, the

shoe, _cre r{'mos))'d from there chamh_.rs, qulckl.s nnsed in dlslilled

v, atcr frozen n_er dr_ tee. and stored it -?0 ®C for subsequent

h,ochcmlcdl a_,a_, _,

In c_pcrlmen[_ addressmg _4,1hle mlefactlon_. _¢ttLetn neuronal

-ctt_lh and altered tryploph,)n asallaNht) in controlhni: 5-HT

rclcu,._ each _,up_'rfu,,ion chamhcy contained the equivalent of a

dcm_.h_polhalamu, The fluoxetme.contaminl,, medium superfusin_

sll_c, in one chJml'_t was supplemenled v, Hh _ uM tr)'plophan lhal

_ul%'rtu',ln_ the other chamber v,,_ ammo •od.unsupplemented

iconic,all len-mlnulc h,=cllon, were collected o_et a ?tl-mm _x'rTod

(_ _ h_.'q_ ten ¢_'i -,nd l_O mtnl t_¢g_nnln_ at _1. Ni, ?_. R_. I(IU and

]H' mm from Ihe onscl Of superfu,,ion These fra¢lion_ _.er¢

collccl,:d and hdndled a_ de_rdx'd antic Slice,. v, ete elcctr_call_

liclJ ,i_mulJi_d lor I period', n[ 4 rain each st.=rhn_ al Ni. R_' and

]H_ m,n fr_m the on,,cl of superfu,,'m Electrical held-_limulatlon

_._, mJu._J _, dc_ct_hcd antic although the Irequenc_ of the

,hmul.=h,i uu, .,el at cdhcr I "_or _"Hz which dch_et, 24_ ?20 or

12,,, rul,,,f+..,,rscclp, el,,. O'_eI a con_.tanl 14.mml r_r_od of electrical

h¢'Id q_mulmm_n _¢'tcn or e_hl rxpcr_menl_. _ere p<'rformed al

c_)ch ,q the. '_ _.hr_uldllOn llequen_'le_ le',led

ct_nduclt.'C_ in _h_ch shce_ (_ _'l [tmt-_Olnll were relfle+.ld attar tl

l_ Xll N) _) and 12o m)n of sur_rlu',ton _Hh fluo%elme.frec

ph.,,l_)l,,)..=, medium _he'..e slice,. _erc quIckl_ rm_.ed with distilled

_uI_ P,I,,_I_ J frozen o_¢I dr_ ICe and _lofcd at -'tU ;C Unlll absax,

_,. p_'rf,,_m_C _,_ IC',ICd wh+.'lhcr el_po_ln_ shcc +. to lho_c

AdJ_;,,,n.jI ,,m_iIion, apphed dural: the rcl¢'a_,c experiments •haTed

the. Ilm_..toUt,+.', t".hl+_mt'd ',_.tth SUpl?t(U_+lOn alone TEu, slice, _er_

dvh_cr, d "_ p<r.)d, of elcclr_¢al field-_limulallon (47 mln .<' H2

m, )(, m._ cm:)ando; superfu,,cd with mad)urn COnlainln_ 2uM

nuo_ciinc, 4 e%r)cfiments _,{lc l_riormcd under each of these

ct)ndll _on_

r_], -( r)ur_c _)( rr_prophQ_ foelrenrror_on in 3uper[u_)o_1 rne_u_n

E,_ch *,upcrlu.,ion chamber contained the equl,,alent of one hypo-

th=tamu, and _,a, superfu',ed ,*_th fluo_ctme-contammf, ph_,sloloBK

mcd,um 51Kc- In nne chamher _er¢ elcctrtcall._ field.stimulated I._

Hi, 2m_ lli_mAcm _)for._perlo_,of4 7mmeachst•rtm_at_O.

R_ and I lit am. tho_ m the other _ere just superfu_ed tM'ou[thout

FI_¢ experiment,, v, ert conducted in t.hich fractions (I_ s; l_)tl pl)

of superfu_ion medium sleet collected from the latter ehamt'<r

startm_ at ._. |._..t(I. NJ, _ and 120 mm from the onset of

auperfu,,)on: fractions l l5 s. 150 MI) from the elcctncall)-$lnmulatcd

chamber were collected startm_ at 5. 15.50.60.6. ¢,. l_. 90. 110 and

IJ_ mm Ten mlcrohtcr,, of 0 75 mM ascorbate containin_ the

mlernal standard 5-HICA were added to each fraction, tample,.

•.¢rt stored on ice until ass•) (usuall. _, _tthtn _ men of collection)

Biofhem_¢d[ ,=fl_/','su

Indnle cohen.re•unto m ;._.,/,.,,on medium $.HT and 5-

h.sdrox_.mdoleaceti¢ acid (5-HIAA) _ere extracted from each

fraclmn of superfusmn madam usa• the ne_,l.,, developed prepat.

att:e ca,.erie.phase method de_rilxd preslousIp 't This method

v,a_ modified shlthtl) to extract these ._-h._drox._mdoles from eilher

the 5-am 13 I all or IO-mm (_ I ml) Irachons columns contammg

I00 m$ (for a 3 I.ml fraction) ot 200 m= (for It 6 1-ml fraction) of

C,, Lorbcnl 140 #M. Anal!,'vichem International. Harbor Cit). CA)

were prepared )n Pasteur I_peues (9 inch} Each column _as

condmoned '_tth mtlhanol (1 ._all and then 0 1 M Nail:POe tpH

3 U. O "L_ ml) before load• E a sample or slandard re•coon _pH

2 _-_ O) After passage of a fraction, the aqueous phase in a Itt,.m._

column _as displaced h) 125 ul of 70% methanol 3(1% acehc _,,_

and that In a 2OU.m[: column b) 20() .ulof this or[zanlc solution The

5-hydro_Hndoles _,ere eluted men Eppendorf tut',e_, _ith ._=.' ,, of

this methanol acetic acid solutron, and the _olsent _as e_aporatcd

under a stream of mien,ten The dried eluatts _ere rtconstlluled

with 50 ul of O. 15 M HCI ¢omaintn 1 0.23 mM •scorbate Reco_ e _=e',

of _-HT and 5-HIAA w_re lez_rmll.,, !10-90_ b•_ed on calcuhm,m,

m,.ml, the internal at•nd•rds in standard fraction#

$.HT and 5-HIAA in the reconstituted maples were =ssa'+e_ hs

hi|h.l_rformance |iquid dlrom|lOlraph ) wlth ¢l¢clrochcm_¢a' Je-

fiction (HPLC-ED) Samples (45 of 50/_1) were mjected auto_.at-

i¢lll) (712; Waters Intelli|em S_tems Program; Milford MAt o_ er

a reverse.phase Ci, column (5 Mm. 23 ore, Beckman Instrument ( o .

San R•mon. CA) The mobile I_•Sc was puml>¢d (}10A .),l)e_

Soentiflc Inc. Berkele). CA) over this column at a rate ol I 2

ml'min, and _-•s of the following composition (m mM). NaH:PO,

2_0. Nz:EDTA O.i. oetyl Indium sulfate 0,17. with 13_ mcth,_nol

(vol'vol) and havin i • final pH of 4.3 $-HT lnd 5-HIA_ _e_e

detected ¢lectroehemicall.', (LC-4A, Bioanll.s'tlcat System_, Inc.

_,'esi Lafayette. IN) at 2 hA%' when the potential of the $t,_,'C,

carbon electrode uas set ,,t 05._ _,' •_ainst the At: AL¢CI referen,-c

electrode

Tryptophan in fraction ahquots (50 _ul) v,as assastd usin E the

HPLC-ED conditions as dcscrdxd •ho_,¢. but '_,_th the apphed

potential set •t 0 9 _,'

TLssue •dole levels Frozen tissue samples '_.¢re homosenlzed h,,

uhrasomcat_onln02 M HCIO+lca 04 mira E.prolemlcontamm,c

U 5 mM ascorbate and the internal standards 5-HT-CH, and

._.HICA These homoEenates _cre cemnfu_ed 135 0(N) _ _: 10 re)n)

and ahquots (50 ul) of these tissue supernatants ,,,,ere assa!,ed lot

their contents of tryptophan. 5-HT and 5-HIAA b._ HPLC-ED w i:h

the applied potenvlal s.el at OR._ %' and the t.¢nsm.,It_, at 5 nA "t

Tissue pellets ,,,,ere •smyed lot protcrn usln E the method of Lowr)

et al _:. v, lth bostne serum •lbumtn _'mg as the protein standard

Dolt arla/,_$13

Amounts of th_t'lndoles )n each sample of superJuslon med_urr or

tissue supernal•it were estimated b_ conectm_ the recorded p_ak

heqzht lot its recos¢_, usin$ the designated internal standard

(._-HT-CH, for 5-HT and tissue t_'ptophan. 5-HICA for 5-HI-XA

and medium t_'plophan), follo_,ed b.s linear re,cession -nahsls

based on standard cu_es run in parallel _tth each tel of sample.,,

These amounts were normalized to Ih¢ amounl of proleln in the

Iissue I_llet

For each experiment exammm_t the effects of leucme and or

t_+ptophan on h)pothalamlc .¢,-hvdrox_rndo]e release, calculahons

were made of Ihe |vera_e rates o[ 5-HT release (pmol E protcm

• in) os'er the 4 rest periods (spontaneous 5-HI" r¢lease_ and th_ 3

per)od_ Of electrical field-stimulation Evoked S-HT release _.as

c|lculated h t suhtractml_ the $-HT re|eased _Oontaneousl) from that

f_lea_d with stimulation The rate of _-HIAA efflu_ (pro,,{ $

I_ot¢in'mrn) was liken •s Ihe iverlSe iR"ross the 8n-•in collection

period Ttssu¢ indole levels and release ire reported here •s meJn_

OI mean percents _ SEM relative to paired control shoe,. The

fractions of Intr•c_llul,,r _-HT rele-_d (_) i_r •in v, ere caIcu{a_cd

b) drvrdm i the iterate I'11¢ O| 5-HT released spontaneousl_ or w _th

Slimulation (pmol'g protein'•in) b)Ihe final tissue 5-H"r le,t.ls

(nmol,| protein), and then multiplym ! b) 100 Data were esalua=ed

b) Ih¢ 2-1•ileal Studenl INlir¢.d /-I¢=il Slltillll, Ca/l_ sl_ndicanl

differences were noted Ior Ihet¢ and ill other •nal,,sls ,,,,hen the

probabilit) value _as less than 0 05

Foe e,rl_nments Iddre_inlz the effect of t_'ptophan a_ailahd_I_,

on the release o! 5-HT evoked al v•ry)n$ frequencle_ of elerlncal

held-stimulahon, we calculated 5.HT release p,er pulse (pmol $

ptoteln'pulse) and total 5-H'T release (pant g protein) These data

were evaluated b) I 2-wa.), analysis of van•nee, followed b) the

Duncan multiple rln|e liX_l-hoc ICsl

ORIGINAL PAQE IS

OF POOR QUALITY



()n_:.u,a.', or IV, O.u,a,, anal',sis of variance as appropriate, fol-

Io',,,.,.1 b', [ht Duncan mulhple range lest. ,a,as used Io e,,a/uale Ihe

¢:!,,_, of _reatments (i e . supcrfus_on lime. electrical [l¢ld.stlmu-

Ij:,.,n fluo_etmc) on tr_ptophan concenlratlons in tupcrfuslon
_,d_um and on tissue mdole levels

?,f,sw,lalJ

Fluo_etln¢ HCI v, as generousl._ provided b) Ell LiII) Laboralones

(InJ_anapohs. IN) All L-,amino acids (wy. plophan and leucin¢) and

_,tJndard compounds (5.H'T. $-HIAA and albumin) were purchased

fr,,m Sigma Chemical Company (SI Louis, MO) The internal

standards $-I-_-CH) and 5-HICA were obtam¢d from Aldrich

Ch_,'mlcal Compan) (Mil_.auke¢. WI) Glass-distilled melhanol

u,,'d for HPLC and for the extraction procedurew_ obtained from
EM ._Klence (Gibbslov, n. NJL acellc acid for extraction use was of

huller grade, and v, as purchased from Pierce Chemical Compan)

(Rockford. IL) All other reagents were of analytic grade

RE SUITS

Levels of tr.,,ptophan. 5-HT and 5-HIAA in hypotha-

lamlc slices prior to super'fusion _,ere 184 6 " 103. 71.3

_- 17 and 41 6 *_ 25 nmol g protein, respectively, When

,hoes v.ere super'fused with physiologic medium (unsup-

plemented _ith amino acids or fluoxetine) time-depen-

dent changes in tissue le,,els of t_ptophan (F_, _. = "735.

/' < 00]). 5-HT (F_,, = 29"7. P < 0.05) and 5-HIAA

,/_,, = 4-1 9]. P< 001)_ere observed(Fig l) Tissue

t:)ptophan le_,els increased u,-ith the onset of super'fusion.

und then remained relati_el)constant before declining
._raduall._ over the second hour. Tissue 5-HT levels also

r,_s_ v,Jth superfusion, peaking after those of tD'ptophan

and then remained relativel,, unchanged for the remain-

dcroftheexpenmenlalpenod Tissue S-HlAA levels fell

preclpnousl) v.lth superfusion and remained Iov, there-

atter Exposin_ slices to those additional conditions

present dunn i the release experiments (i.e., 3 periods of

electrical field-stimulation: 2 /AM fluoxetine) did not

modify, these time-courses obser,,ed with super'fusion

100

50 •/T

& - •
g

¢, 0_(} t_tlDtopho_
I1_11 S-HT

" _ &_& 5- NIA&

-100

0 30 a0 a0 t 20

Fl| I Time-courses of mdote kvels in hypothalamic shces dunng

_,upcrfuslon with physwlo|ic medium (unsupplemented wqth amino

acids or Nuo_ellne) Time-dependenl changes in tissue levels of

tryptophan (F, ,, ,= ?.35. P < 0 0|). $-HT (¥,.v. _. 2 9'7. P < 0 05).

and 5-HIAA (F, ,_ = 4491, P < 00l) were obse_ed Dala are

expressed as mean percents +_ S EM. relative to levels in

pre-supcrfuslon (l ,, 0) slices

205

alone (data not shown). Tissue levels of tr_'ptophan.

5-HT and 5-HIAA in slices retneved at the end of each

release experiment (i.e. after 130 man of super'fusion

during which time slices were exposed to electrical

field-stimulation and fluoxetine) were 2399 ± 12 I. 89 "7

"¢"26 and 3.8 ± 0.4 nmol:g protein, respectivel_

We examined the possibilitythat the time-dependent

changes in tiuue tryptophan levels could be accounted

for by changes in the ttyptophan concentration of the

extracellular medium. We found that under control

conditions the amino acid-unsupplemented medium ac-

tually contained endogenous lryptophan, in concentra-

lions (ca 0.06-0.|2_M) which vaned with time (F,_, =

4.99. P < 0.01);they peaked 15-30 rain after the onset

of superfusion,and then declined graduallyover the next

gO rain (Fig 2). This time-course was not affected b)

deliver) of 3 periods of electrical field-stimulation

SI,ces superfused with control medium released 5-HT

spontaneously at a rate ofSl ± 2 pmol/g proteinmm this

rate increased to 320 +_ 10 pmoL'g protein rain _lth each

of the 3 periods of electrical field-stimulation These rates

were relativel) consistent over the 4 rest periods and the

3 periods of electrical field.stimulation The fraction of

intraneuronal 5-HT released spontaneousl._ _,as 0 0_%

per rain. this increased with electrical field-stimulation to

0345±002% permin The rate of S-HIAAeffluxdurlng

the 80-men collection penod was 659 ± 30 pmoli_

protein min

Superfustng slices with medium containing ]00 .M

ieucine reduced final tissue tryptophan levels to (_ "7_

10% (P < 00]) and 5-HT levels to 88 "7± 2.0% (P <

005) of control levels (Fig 3) The addmon of 2 .M

tryptophan to the superfusion medium caused final shce

tP,.'ptophan and 5-HT levels to be elevated to 183 ! ±

4O
?

20

t0 0

I _0 It,_'_u(oleO e,ectt,¢o._

F|I 2 Time..court¢ of the tryptophan concentration in physioloff_c
medium (amino ac_d-unsupplememed medium) _,nth supcrfusion
and electrical field-stimulation of h.vpothalam|cshcts Slicesm one
of the parallel chamben were elecmcall._field-stimulated (4 "/ram.
$ Hz. 2 ms. 100mAJ_:) for 3 periodsstanmg al 60. _ and 110 mm
lifter the onr.,-tof iuperfusion Values are group means - S E M
Two-wa_ anal)sis of variance delecled a signi_cant effect of time
(F_]. ,, 499. P < 001). bul nol of Irealment

OF POO?_ QUALITY
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F*I 1 Effect, on hssue indole level_ of decreaun I and mereasm 1

Ir'Tploph_fl a',,allahihl!, Paffed ral hypothalam_c shees were surer.

fu,.ed w_th ammo ae_d-unsupplemenied madam (control) or me.

drum ILl v.htch LNAAs leucmc (I(IU #M. leu) and or tr)'ptophan (2

aM. IL'p) 'acre Idded Shcc., u,'ere retrieved at the end of each

relea*,¢ experiment it e , after I._; mm of superluslon) and were

l_..,a_ed for 1h¢_ conlent_ ol lr!,ptophan and 5-H')" Data are

e_pre,_.cd a, mean Ix'Tcenls __ S E M . reJah_e I_ control, f01 _ =

4 Da,T, f_r e,ch treatmem. "P < elfin. "'p ._ {_tlt dlffers from

cnr_It{_l h', lhe Studenl p_Jred t.le_l

124', (P < 0(I]) and llSU __. 59q (P < 0.05) of

control, respecto, el> Co-supplement:n_R the medium _,ith

](Nt uM leucln¢ plu_ 2 .M t_ptophan resulted in final

tr._plophAn and 5-HT le_.eb, of ]],_ ] "* 10.5C_. and 9"7.-7

•* 5 4", of control, respectivel).

Shce_ superfused _ilh medium containin_ tO0 /_M

leucme decreased thei_ spontaneou_ release of 5-HT to

-72 _ _-" 5 Itri (P < 0.05) and their electricall)-evoked

rclea,,c to "79 "7 : 2 __ (P < 00l) of control rate_ (FiB

4). 5-HIAA efflux decreased Io ?03 '4- 2.1% of control

(P < U U]) Superfusin_*sliccs _ith medium containin[: 2

_M tr._p_ophan :ncrea_cd spontaneous and electncal]._-

evoked 5-H'T release to 138.1 "* 3.0_ (P < OOl) and

125 _ : 39q (P < 0.01) of control, respectivel).

2r,, .

15{_

_00 ...............

SO

0 line0 evoke o 5- N_
5-_ S-M1'

Rote e_ Ro|oooe

Ft I 4 Effects on 5-hydroxymdole release of decreasing and

incveas:n$ tryptophan availabihl) Paired rat hypothalam_c shcrs

,_-£ suprrfused v,.tth amino ac_d-unsupplrmentcd medium (conlrol)

or mcd:um to which LNAAs Icucme (100 /_M. leu) and*or

tryptophan (2 MM, trp) were added Data are expres,_d Is mean

percents. __ SE M, relative to control, fat n - 4 iNur_ of each

treatment "P < 00_, "P < O0] differs from control b) the

Studenl pa_rtd _-tesi

TABLE I

Fvacoonal vales of 3.HT rHea.led pe_ mm .f,om h)pothalam:, _,,'lces

super/u._ed wHh medium containing LNAA_

Rat hypothalamtc slices wcrc superfuscd v,lth clthc¢ control mc_,,_m

(-) or medium supplemented with )00 /aM leucme (Leu) : ,M

Iryptoph,n (Trp). or }O0_M Icuc:ne plus 2FM t_ophan ( -_ I 5.HT

released b_all) and with electrical f_ld-stimulat:on (4 "7am.._ Hz 2

ms. lO0 maim:) were monitored; tissue 5.FFr levels _ere assa._ c,..1m

dices retneved at the end of each releaie eapenment (: e . afte_ _30

rain of superfusion) Fractional rates of 5..HT release (_,) pet mm

were calculated Values are mean percents _* S E M (_herc grc.,:cr

than 0) for n - 4 pairs for each experimental condition The Student

IN.red r-test did not detec_ si|nificant differences between fractional

rates of ba_l or evoked 5.HT release

LNAA Fracnonal vale o] 3- H T rel e az e _r-_ ,

Basal E ro£ ed

Leu - 00_ 036 : (, 03

_- 0 05 0.32 " 0 03

Trp - 0 05 035 : 0 (_

,* 006 039__ 00_

Leu ,* Trp - 0 O0 0 37 '* 0 02

* 00'7 039-'002

5-HIAA efflux increased to 161.3 _ 9.0G of control (P

< 0.0]). Co-supplementin$ the medium _tth both of the

large neutral amino acids (LNAAs) suppressed the

changes induced b) either LNAA indi_iduall)

The fractional rates of 5-HT released spontaneousl) or
with electrical field-stimulation were not modified b_

supplementini, the medium wilh leucme, t_ptophan, o_

leucine plus t_'ptophan (Table ]).

Total 5-HT release increased (F:__ = 74 4 _, P < 0.01 !

as a funclion of stimulation frequenc) (1 H.z -7_3 _ 69

i $

!,i,
A

[/octricoI Irmtd-$timulotiOR Irmqmey (_-Iz)

Fi1.5. Effe_ of el¢cwical f'leld4timulation h'equenc)(l 3 or 5 Hz_
no 5.HT Rkmed per pul_ from dices _perfu,.,'d v,ith t_'ptophar
(trp)-free or tryptophan-supplemented (2 MM) reed:urn Data a_e

expressed as group means ± S.E.M. Two-v,'ay analys,s of vanancc

detected a stsnificant effect of tr_ptophan supplementahon (F t _ =

6 6?. P < 0 05) which was independent of stimulation frequenc), a

Wgnificant effect of Mimulalton frequenc) w_ alf, o detcc|ed (F;_, -

24 41, P < 0.0]) _th S-H'i" re|came evoked b) 1 Hz different from

t_at evoked b._ 30T 5 Hz. I.s m,sessed b) the Duncan multiple range

post -hoc tesl
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prn,qi_protein: 3 Hz: 1496 __.8"7pmol/g protein,5 Hz:

.14."_ " + 15.1 pmoLg protein} However. 5.HT release per

pul,c decreased with frequencies greater than 1 Hz (F2._R

= _'4 41. P < 001 Fig 5) Superfusing slices with

medium containing 2/aM t_'ptophan augmented, by 2l .4

-_ J :,%. total 5-HT release (F_.._, = 8.20. P < 0.01) and

5-HT release per pulse (FI. _ J, 6.67, P < 0.05). The

maemtude of the [ryplophan-induced enhancement in

5.HT release was independent of stimulation frequency

(l-. _ Hz). Moreover. increasing both tryptophan avail-

abdlt._ and stimulation frequency produced nearly addi-

tive increases in 5-HT release (eg, 2 pM [ryptophan

increased spontaneous 5-HT release by 2] • 5_ and

e_oked release by 19 _+ 5_; 3 Hz stimulation increased

5-HT release by 284 ± 2l_; and 2 _uM Iryptophan plus

3 Hz stimulation increased 5-HT release by 357 _+ 24_ ).

DISCLSSIO_

These data provide the first direct evidence that

reJucmg brain tr.vptophan lesels produces proportionate

dt':reases m 5-HT release, both spontaneous and elec-

tr_,JIl._-e_oked (Figs 3 and 4) Earlier in vivo studies

pT,_lded onl._ indirect evidence that local t_,ptophan
levels can limit 5-HT release: It had been sho_n that

supplemental tryptophan could restore the decrements in

._-HT release caused by prolonged stimulation :_ _J; and

the stress-induced elevations in brain tryptophan levels -'_

and 5.h,_drox.vindole release :-_ could be blocked by'

'prctreatmgwith vahne, a LNAA v,hich competes with

tT_ptophan for uptake intobrain'+'.Another in vi_,.ostud','

I.+_ledto reveala precursor-dependence o( 5-HT release:

in cats fed a tryptophan-free meal which lowered their

brain levels of tryptophan and 5-HT. the release of

['H]-5-HT. synthesized from [)HJtryptophan injected

mtraventrtcu[ar[._._,asreportedlynot differentfrom thal

released in cats fed the control, t_'ptophan-containing

meal. itwas concluded thatdiet-inducedchanges in brain

tryptophan levelsdo not modify 5-HT releaseso.How-

tier, since total brain levels of 5-HT were reportedly

Jower in the tryptophan-deficient brains than in control

brains, the spec,fic activity of [_H]5-HT was probably

higher relative to control. While the release of [+H]5-HT

gas obse_ed to be unaffected by diet, total 5.HT release

in the tryptophan-deficient brain may thus have dimin-

ished (see ref. 39).

In the present study, superfusing rat hypothalamic

slices with medium containing the LNAA leucine, at a

concentration which approximates the summed concen-

trations of LNAAs in cerebrospinal fluid_:_s reduced

tissuetryptophan levels.This observation is consistent

with other in vitrostudies demonstrating that LNAAs

competitively inhibit tryptophan's influx across the

plasma membrane of brain cells '_s_ and also facilitate its

efflux _' '_. Our data suggest that serotoninergic neurons

can couple LNAA-,nduced decrements in net trTptophan

uptake to transmitter release.

These data confirm our earlier finding that elevating

tryptophan levels in rat hypothalamic slices causes pro-

portionate increase in tissue 5-HT levels and release '_

Final tissue tryptophan and 5-HT levels were altered in

parallel over ranges of 122% (-39% to ÷83%) and 26+c

(-1 !% to + 15e_). respectively, by superfusing slices with

medium to which 100pM leucine and/or 2/aM tryptophan

were added. These variations in tissue indole levels are

quantitatively similar to those which occur physiologicall)

in rat brain trier consumption of certain meals _° _e,_

with time of dayS_"=; or after particular stressors ix'

Thus. our data suggest thai physiologic elevations or

reductions in brain tryptophan levels cause parallel

changes in brain 5-HT levels and 5-HT release Within

the physiological dynamic range for brain 5-HT levels.

the absolute amounts of released 5-HT changed proport-

ionately; and this proportionality is evidenced b) the

invar_ant fractional rates of 5-HT release when tissue

5.HT levels were raised, lowered, or unaltered (Table I)

Our data suggest that intracellular 5-HT stores and

monoamine oxidase activity may buffer precursor-depen-

dem changes in .S-HT release. This interpretation is based

on the finding that the molar changes m 5-HT release

were significantly smaller than those in tissue 5-HT levels

(ca one-quarter) and in 5-HIAA el'flux (ca one-ses-

enth) The precursor-dependent increases or decreases _n

5-HT release were apparently pan_all._ suppressed b._

more pronounced elevations or reductions, respec'hve]._, in

tissue5-HT levels and 5-HIAA efflux Thus. compensato_

alterations in 5-HT storage pools and degradation ma._

serve to dampen increases in 5.H'T release when synthes_s

exceeds immediate demands for release, and to offset

decreases in 5-HT release when synthesis contributes less to

the pool of releasable 5-HT than immediate demands

Levels of tryptophan. 5-HT and 5-HIAA in hypotha-

lamic slices changed over the experimental period when

superfused with physiologic medium (unsupplemented

with amino acids or fluoxetine; Rg. !). The time-

dependent changes in tissue tryptophan levels probably

resulted from changes in the net uptake of free tr3'pto-

phan (likely' to have derived from protein breakdown in

association with slice preparation) This view is supported

by the parallel changes in the endogenous tryptophan

concentrations of the supeffusion medium (Fig, 2). A

similar lime-course of lryplophan accumulation has been

described for slices prepared from rat cerebral cortex _

The changes in tissue 5-HT levels with superfusion in

unsupplemented (Fig 1) or LNAA-supplemented (F_g

3) medium paralleled those in tissue tryptophan levels.



andthu_ prnhabl} reflect changes in 5-HT synthesis,

inasmuch as tryptophan hydroxylase is known to be

unsaturated with its substrate at physiologic levels of

brim tr)ptophan _' j' _ 5-HT levels of rat hippocampal

shces ha_e similarl} been sho_n to change with incuba-

tion time: The rapid decline in tissue _-HIAA levels with

the onset of superfusion probabl} reflects the efficient

transport of the acid melabohle into the exlracellular

space

_,e observed that supplemental Iryptophan enhanced

5-HT release b) an amount which was invariant across

the frequenc} range te_ted (Fig, 5). Thus. the influence

of tryplophan a_ailabilit._ on ._-HT release was indepen-

dent _f the frequency of membrane depolarization. This

flndm_ Is consistent with earlier suggestions thai the

effect on ._-HT synthesis of raising brain tryptophan

le_ el, _ as independent of the firing rate of serotoninergic

ncurc_n, The enhancement in 5-HT synthesis which

occurred u,hen rats received a tryptophan dose or

consumed a carboh}drate.rich meal _'as not atlenuated

h) dru_ I_ e. a monoamine oxldase inhibitor; chlonmi-

prammc. _-h}drox} -'_ (dl-n-prop)lamlne) lelrahn] which

suppress the flov, of impulses alont_ serotonmergic raphe

neuron,, :_a_ Addltionall), 5-HT synthesis in restintz

bra_n s} naptosomes ":'_ and slices _' v.as proportionate to

the tr_,plophan concentration of the incubation mediurfl.

and thu., apparentl) not highl} dependent on neuronal

ach,.n_ The apparent independence of Iryptophan's

eftccl on firm_ frequenc} differs from that described for

the ptecuP, or_ of cat¢cholamine and acet}'lchohne_ B}

and lart:c t}rosme and choline affect the production and

release of their transmitter products onl) when neurons

are hrmL: rapidl} 'a

_' also found that var)m E.the frequenc) of electrical

field-stlmulahon (o_,eT a constant period of lime) affected

._.HT release Other in vi_,o studies have similarl)

demonstrated that 5-HT release isdecreased b) pharma-

colog=cal agents (=e , 5-HT_, agomsts) which reduce

impulse riot along serotoninergic neurons 1"*'4_. and is

increased by delayer) to raphe pcrikarya electrical pulses

which accelerate impulse flow 2_'. Increasing the fie-

quenc} of electrical field-stimulation increased, in a

pulse-dependent manner, total 5-HT release but de-

creased S-HT release per pulse (Fig 5). This apparent

paradox has been described previousl} in vi_o::" and in

vitro 4iv, and is likely to have resulted from the act_n_

of release-modulating serotoninergic autoreceptor._ pres-

ent on hypothalamic nerve terminals _. Th=s hypothes=_ is

supported b) the finding of others that incubatm_ rat

¢erebrocorlical slices with the .%HT autoreceptor antag-

onist melhiotbepin eliminated the frequency-dependent

differences in iSH]S-HT effiux _. In our experlmentat

system, it is possible that the presence of fluoxetine in the

supeffusion medium (which was necessar_ for us to

measure reliably released 5-HT) may have potentiated

autoreceptor-mediated effects on 5-HT release (see _ef

43).

In summary, this stud)'suuests that the finaloutpu' of

a serotoninergic neuron, reflected in the amount._ of

5-HT released per unit time. is determined b} proces,es

occuring both at the somalodentntic region and at its

ne_'e terminals Events at the somatodentritic re£_on

regulate the pattern of neuronal finn/, and thus influen:e

the rate at which 5-HT molecules residin_ in nerve

terminals are released The amounts of 5-HT a_.allable

for release from nerve terminals are regulated b} the

activity of t_'ptophan hydroxylase, and thus b} the

availability of tryptophan. Action potentials inca&ha

serotoninergic nerve terminals at a certain frequenc} ate

likel} to release amounts of 5-HT proportionate to the
levels of intracellular S-HT.

This stud} furthersuggeststhat serotoninerglc neuron._

ma} release their transmitter b) a nonquantal proce,,

Vee ha_e sho_n that the amounts of 5-HT released p_r

unit time, at a given level of membrane depolanzat_c_n.

are not constant. Rather. 5-HT release is responsive _o

changes in intraceliular 5-HT bevels Thus. the dynam_ts

of 5-HT release from the hypothalamic nerve te_'nm_ls

appear to differ from the classic quantal model of
neurotransmitter release I_.
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